***Editor's note:*** *Interferons are covered in* *Chapter 37*.

Drugs Active Against Cytomegalovirus {#s0010}
====================================

Cidofovir *(SED-15, 771; SEDA-30, 343; SEDA-31, 477)* {#s0020}
-----------------------------------------------------

### Respiratory {#s0030}

Cidofovir has been used to treat adenovirus pneumonia in four pediatric lung transplant recipients ([@bib0010] ^c^). Two developed *bronchiolitis obliterans*, one of whom underwent retransplantation with a good outcome. The other developed tracheomalacia and required continuous low-flow oxygen and positive pressure ventilation through a tracheostomy.

### Urinary tract {#s0040}

Of six hemopoietic stem cell transplant recipients, who were given cidofovir 5 mg/kg/week for 2 weeks, then on alternate weeks for a minimum of four (range 1--7) doses, three developed adenovirus hepatitis, two had colitis and one had nephritis ([@bib0020] ^c^). All had CD34+ selected grafts and/or graft-versus-host disease and all had a CD4 count under 100 × 10^6^/l. The patients were pre-hydrated and given probenecid and intravenous immunoglobulin 1--2 g/kg/week followed by 0.5 mg/kg on alternate weeks for a minimum of four doses. Two patients died of infection and four responded. None required withdrawal of treatment because of adverse effects. Baseline creatinine was slightly raised (167 μmol/l) in the patient with hepatitis and improved with cidofovir. Most of the patients had *transient increases in creatinine* as the number of doses increased.

Cidofovir 5 mg/kg/week or 1 mg/kg on alternate days adjusted to creatinine clearance was used to treat 11 hemopoietic stem cell transplant recipients with invasive adenoviral infection, including three with pneumonia, one with hepatitis, four with hemorrhagic colitis and three with hemorrhagic cystitis ([@bib0030] ^c^). All had concomitant intravenous immunoglobulin, and those with colitis had in addition one or more of oral immunoglobulin, ribavirin, or donor lymphocyte infusion. They varied in their degree of immunocompromise and the presence of graft-versus-host disease and some had leukocyte-depleted allografts. Six died. There was *nephrotoxicity* in two cases.

In a retrospective study of 19 recipients of hemopoietic stem cell transplants, mean age 42 years, who were given a mean of 4.5 (range 3--6) weekly doses of cidofovir 1 mg/kg without probenecid for BK virus-associated hemorrhagic cystitis, 84% had graft-versus-host disease and were taking corticosteroids at the time of diagnosis ([@bib0040] ^c^). There was no significant rise in creatinine in 14; 5 had *renal insufficiency*, but in all cases there were other potential causes. In only 3 cases could cidofovir have played a role. In those with normal renal function, 80--100% of the cidofovir was recovered from the urine, raising the possibility of therapeutic intravesicular administration.

Drugs Active Against Herpesviruses *(SEDA-29, 301; SEDA-30, 343; SEDA-31, 478)* {#s0050}
===============================================================================

Aciclovir {#s0060}
---------

### Psychiatric {#s0070}

Hemodialysis has been successfully used to treat an aciclovir-induced *psychosis* ([@bib0050] ^A^).•A 70-year-old man with rectal carcinoma and end-stage renal failure on hemodialysis was given intravenous aciclovir. He developed delirium, visual and auditory hallucinations, disorientation in place and time, and impaired recent memory. He recovered fully after 3 consecutive days of hemodialysis.

### Urinary tract {#s0080}

Reports of *renal insufficiency* associated with the use of intravenous aciclovir continue to appear ([@bib0060] ^A^). In a retrospective review of 126 children there was no effect of dose per kilogram, age, or sex on nephrotoxicity ([@bib0070] ^c^). The predictors of aciclovir nephrotoxicity were the concomitant use of nephrotoxic drugs and impaired glomerular filtration rate (GFR) at baseline.

### Fetotoxicity {#s0090}

It has been suggested that maternal use of aciclovir may be associated with *necrotizing enterocolitis* in the neonate ([@bib0080] ^A^).

Valaciclovir {#s0100}
------------

### Immunologic {#s0110}

An *acute allergic reaction* to valaciclovir has been described ([@bib0090] ^A^).•A 50-year-old woman developed general malaise, diffuse pruritus, angioedema of the hands and feet, and reduced consciousness and faintness within 5 minutes of taking valaciclovir 500 mg for genital herpes. Skin prick tests for aciclovir were positive.

### Urinary tract {#s0120}

As with aciclovir, *renal insufficiency* has been reported with valaciclovir ([@bib0100] ^A^)•A 73-year-old Japanese man with cardiomyopathy and chronic renal disease was admitted with anuria, systemic edema, and renal dysfunction after taking valaciclovir 1 g tds 5 days for *Herpes zoster* infection with a non-steroidal anti-inflammatory drug. He was briefly dialysis-dependent but made a full recovery.

Drugs Active Against Hepatitis Viruses {#s0130}
======================================

Adefovir *(SED-15, 35; SEDA-30, 344; SEDA-31, 480)* {#s0140}
---------------------------------------------------

### Observational studies {#s0150}

In patients with lamivudine-resistant HBe antigen (HBeAg)-negative disease, adefovir 10 mg alone (*n*  = 14) or in combination with lamivudine (*n*  = 28) caused a *fall in creatinine clearance* requiring a modification in adefovir dose in two patients on combined therapy; both had underlying liver cirrhosis ([@bib0110] ^c^). One developed reduced liver function and biopsy showed *steatohepatitis*. One on adefovir monotherapy developed gastric cancer. Five on combined therapy with underlying cirrhosis developed hepatocellular carcinoma, but this was not statistically significant.

Adefovir 10 mg/day in combination with lamivudine 300 mg/day has been used in 11 patients with recurrent hepatitis B virus infection after liver transplant ([@bib0120] ^c^). All patients with chronic hepatitis B pre-transplant underwent a period of preoperative treatment and peri-operative prophylaxis with lamivudine and hepatitis B immunoglobulin with or without adefovir if lamivudine-resistant. No patient had adverse effects necessitating drug withdrawal, but one required a dosage adjustment because of a *rise in creatinine* from 106 to 150 μmol/l. Three had a recurrence of hepatocellular carcinoma, two of whom died 12 and 14 months after starting adefovir therapy and one of whom continued to be positive for hepatitis B virus DNA.

### Drug--drug interactions {#s0160}

#### Entacavir {#s9160}

The interaction of entacavir 1 mg/day with adefovir 10 mg/day has been studied in a fixed-sequence crossover study in 26 healthy adults ([@bib0130] ^c^). The results suggested that combination therapy can be safely administered without the need for dosage adjustment of either drug. There was *headache* in nine subjects and *dysmenorrhea* in two when they took entecavir alone.

Amantadine {#s0170}
----------

See 'Drugs active against influenza viruses: ion channel inhibitors', below.

Entecavir {#s0180}
---------

### Drug--drug interactions {#s0190}

#### Adefovir {#s9190}

The interaction of entacavir 1 mg/day with adefovir 10 mg/day has been studied in a fixed-sequence crossover study in 26 healthy adults ([@bib0130] ^c^). The results suggested that combination therapy can be safely administered without the need for dosage adjustment of either drug. There was *headache* in nine subjects and *dysmenorrhea* in two when they took entecavir alone.

Lamivudine *(SED-15, 1989, SEDA-30, 344; SEDA-31, 480)* {#s0200}
-------------------------------------------------------

### Observational studies {#s0210}

In 33 treatment-naive HBeAg-positive children who took lamivudine and high-dose interferon alpha 2a combination therapy, *flu-like symptoms* and *anorexia* were the commonest adverse effects (90 and 76%); *weight loss, nausea, vomiting, arthralgia*, and *loss of hair* were also noted ([@bib0140] ^c^).

In an open study of the pharmacokinetics of lamivudine in 12 patients receiving peritoneal dialysis, *eye redness* (*n*  = 2) and *diarrhea* (*n*  = 2) were the commonest adverse events ([@bib0150] ^c^).

### Comparative studies {#s0220}

In a double-blind, Phase III, randomized, controlled trial of lamivudine 100 mg/day (*n*  = 687) versus telbivudine 600 mg/day (*n*  = 680), *creatine kinase activity was raised* in patients receiving lamivudine (3.1%) and telbivudine (7.5%) and fell spontaneously during drug treatment to grade 2 or lower in 74% of those taking lamivudine and 67% of those taking telbivudine ([@bib0160] ^C^). Grade 3 or 4 *rises in transaminases* during treatment were more frequent with lamivudine than with telbivudine.

Ribavirin {#s0230}
---------

### Observational studies {#s0240}

High-dose ribavirin during an outbreak of severe acute respiratory syndrome in Toronto was associated with a high rate of adverse events: *anemia* (odds ratio \[OR\] = 3.0; 99% confidence interval \[CI\] = 1.5, 6.1), *hypomagnesemia* (OR = 21; 99% CI = 5.8, 73), and *bradycardia* (OR = 2.3; 99% CI = 1.0, 5.1) ([@bib0170] ^c^). The risks of anemia, hypomagnesemia, and bradycardia attributable to ribavirin were 27%, 45%, and 17% respectively. The authors concluded that the use of high-dose ribavirin is appropriate only for the treatment of infectious diseases for which ribavirin has proven clinical efficacy, or in the context of a clinical trial. They further stated that ribavirin should not be used empirically for the treatment of viral syndromes of unknown origin.

### Skin {#s0250}

Occasional *rashes* in areas of drug contact and *conjunctival irritation* occurred when aerosolized ribavirin was used for 10 months in an infant with immunodeficiency ([@bib0180] ^A^).

Telbivudine {#s0260}
-----------

### Musculoskeletal {#s0270}

In a double-blind, Phase III, randomized, controlled trial of lamivudine 100 mg/day (*n*  = 687) versus telbivudine 600 mg/day (*n*  = 680), *raised creatine kinase activity* was more common in patients who took telbivudine and it fell spontaneously during drug treatment to grade 2 or lower in 67% of those who took telbivudine and 74% of those who took lamivudine. *Myopathy* (characterized by *muscle pain, weakness*, and *moderately raised creatine kinase activity* before and during treatment) was reported in one patient after telbivudine therapy for 11 months. When telbivudine was withdrawn, the creatine kinase activity normalized within 1 month and the symptoms resolved over 9--12 months ([@bib0160] ^C^).

Drugs Active Against hiv: Combinations {#s0280}
======================================

 {#s0290}

### Cardiovascular {#s0300}

*Syncope* occurred in a young man after he took tenofovir, emtricitabine and nevirapine for primary human immunodeficiency virus-1 (HIV-1) infection for 6 weeks and resolved after withdrawal of the antiretroviral drugs ([@bib0190] ^A^).

### Metabolism {#s0310}

The hemochromatosis gene polymorphism HFE 187C \> G and possibly mitochondrial haplogroup J gave relative protection against *lipoatrophy* during antiretroviral drug therapy in a trial in which 96 patients were randomized to didanosine + stavudine or zidovudine + lamivudine, combined with efavirenz and/or nelfinavir in AIDS Clinical Trials Group (ACTG) 384 sub-study A5005s ([@bib0200] ^C^).

Stavudine had a less favorable effect on lipid profile and caused more *lipoatrophy* than abacavir (38% versus 4.8%) in a randomized, open trial, stratified by viral load and CD4 cell count, in which 237 adults with HIV infection were assigned to stavudine (*n*  = 122) or abacavir (*n*  = 115), both combined with lamivudine and efavirenz ([@bib0210] ^C^).

There were dose-related *increases in total cholesterol, LDL cholesterol, and triglycerides* in an open study in 56 seronegative volunteers, with persistent increases 2 weeks after withdrawal ([@bib0220] ^c^).

In a randomized controlled trial of indinavir, saquinavir and lopinavir in combination with low-dose ritonavir in 656 patients, median *total cholesterol increased* by 0.5 mmol/l in the patients with the highest minimum drug plasma concentrations ([@bib0230] ^A^).

### Gastrointestinal {#s0320}

In a retrospective observational study of highly active antiretroviral therapy (HAART), 27 of 50 patients who took indinavir in combination with zidovudine and lamivudine developed *nausea* and were significantly more likely to stop taking the treatment than those who were taking zidovudine + lamivudine + tenofovir ([@bib0240] ^c^).

In a long-term follow-up study of 200 asymptomatic HIV-positive participants for 157 weeks taking a combination of indinavir, lamivudine, and zidovudine, 40 stopped treatment because of adverse effects, of which *nausea* (69%), *diarrhea* (37%), and *abdominal pain* (28%) were the most common ([@bib0250] ^c^).

The most common adverse events in 21 of 151 patients in a prospective study of once-daily saquinavir + ritonavir and two nucleoside reverse transcriptase inhibitors (NRTIs) were *abdominal discomfort, diarrhea*, and *vomiting* ([@bib0260] ^c^). Similar findings were seen by other investigators ([@bib0270] ^A^).

### Liver {#s0330}

In 199 HIV/hepatitis C co-infected patients, failure to achieve a sustained viral response, NRTI therapy, didanosine, and stavudine were significantly associated with *worsening of hepatic fibrosis* in 34 (17%) ([@bib0280] ^c^). After multivariate analysis, didanosine (OR = 3.34; 95% CI = 1.39, 7.96) and failure to have a sustained viral response (OR = 9.05; 95% CI = 2.06, 40) remained significantly associated with worsening of fibrosis.

In a retrospective study of 868 HIV-positive subjects (94% men), first-line therapy was efavirenz, lamivudine, and zidovudine; women of child-bearing potential were given nevirapine instead of efavirenz. An efavirenz-based regimen was used in 825 and 39 received a nevirapine-based regimen ([@bib0290] ^C^). During the first year 48 subjects took isoniazid prophylaxis and 214 received antituberculosis therapy (2 months of rifampicin, isoniazid, pyrazinamide, and ethambutol followed by 4 months of rifampicin and isoniazid). Of a random sample of 133 tested, 17% were hepatitis B surface antigen (HBsAg)-positive. There was grade 2 or worse *hepatotoxicity* in 97 subjects (11%) and 40 had a first episode of grade 3 or 4 hepatotoxicity. Antituberculosis therapy (adjusted hazard ratio \[HR\] = 8.5; 95% CI = 2.7, 27) and HBsAg (adjusted HR = 3.0; 95% CI = 1.3, 7.0) were strongly associated with hepatotoxicity. However, hepatotoxicity had little impact on symptoms, the need for hospitalization and the need for a change in antiretroviral drug regimen. The use of isoniazid preventive therapy during antiretroviral drug therapy did not increase the risk of hepatotoxicity.

Three adults developed *nodular regeneration of the liver* while taking HAART regimens containing atazanavir, fosamprenavir, and indinavir ([@bib0300] ^A^).

### Pancreas {#s0340}

In the large EuroSIDA study there was no association between an increased incidence of *pancreatitis* and cumulative exposure to antiretroviral drugs generally, or to didanosine and stavudine in particular ([@bib0310] ^C^). There were 43 (9 presumptive) pancreatic events in 9678 individuals during 33 742 person-years (1.27 per 1000 person-years). The incidences among those with no, 2 or less, and over 2 years of exposure to antiretroviral drugs, including stavudine and didanosine, were 1.24, 1.73, and 0.78 per 1000 person-years, respectively. In multivariate analysis, higher baseline CD4 cell counts were associated with a reduced risk of pancreatitis.

### Urinary tract {#s0350}

Of 445 HIV-positive patients who started to take tenofovir, 51 (11%) had *reduced renal function* ([@bib0320] ^C^). Multivariate analysis showed a significant association between reduced renal function and concurrent use of amprenavir and didanosine, age over 50 years and lower baseline weight. There was an association between concomitant use of tenofovir and amprenavir and reduced kidney function in 441 patients (OR = 3.5).

*Acute interstitial nephritis* was seen on renal biopsy in three HIV-positive patients taking amprenavir + tenofovir; it resolved after drug withdrawal ([@bib0330] ^A^).

In a randomized controlled trial of indinavir, saquinavir, and lopinavir in combination with low-dose ritonavir in 656 patients, there was no apparent dose-related association with renal adverse events ([@bib0230] ^C^).

### Immunologic {#s0360}

An *allergic reaction* with possible cross-reactivity to didanosine and tenofovir has been reported ([@bib0340] ^A^).•A 25-year-old woman tested positive for HIV-1 and was given a once-a-day regimen including tenofovir plus emtricitabine and efavirenz. After 10 days she developed a diffuse rash with fever and glossitis. Efavirenz was withdrawn but her conditions worsened over the next 3 days, so both tenofovir and emtricitabine were withdrawn, with dramatic resolution of symptoms within 24 hours. After 10 days she was given zidovudine plus didanosine and ritonavir-boosted fosamprenavir. After 1 week she again developed a diffuse rash and the treatment was withdrawn. She restarted zidovudine and didanosine 7 days later and within a few days the rash appeared again. Under observation she was given zidovudine and atazanavir and after 8 days lamivudine and low-dose ritonavir. She remained well, except for mild hyperbilirubinemia, during the next 5 months.

### Fetotoxicity {#s0370}

There is equivocal evidence of a relation between in utero NRTI exposure and *mitochondrial dysfunction* in HIV-negative children born to HIV-infected women. In 1037 HIV-negative children, possible cases with unexplained signs of mitochondrial dysfunction according to the Enquête Perinatale Française criteria were identified in a retrospective review ([@bib0350] ^c^). Associations between possible mitochondrial dysfunction and both overall in utero NRTI exposure and the trimester of first in utero NRTI exposure were estimated by exact logistic regression. Cases (*n*  = 20) were significantly more likely to be boys and to be born in earlier years than non-cases (*n*  = 1017). There was no association between overall in utero NRTI exposure and mitochondrial dysfunction. In unadjusted models there were higher odds of first in utero exposure in the third trimester to lamivudine (OR = 3.76 versus unexposed; 95% CI = 1.09, 12) and to zidovudine + lamivudine (OR = 3.29 versus unexposed; 95% CI = 0.96, 10) among cases than non-cases. When adjusted for year of birth, the odds of first exposure in the third trimester to lamivudine (OR = 11; 95% CI = 1.9, 76) and zidovudine + lamivudine (OR = 9.8; 95% CI = 1.7, 72) were significantly higher among cases than non-cases. Incomplete data precluded control of possible confounding by maternal viral load and psychoactive drug use.

### Drug--drug interactions {#s0380}

#### Combinations of antiretroviral drugs {#s9380}

Reports of renal toxicity with the combination of tenofovir and didanosine in children suggest that this combination should be avoided ([@bib0360] ^A^). Combination of saquinavir with darunavir + ritonavir is currently not recommended as plasma concentrations of darunavir are increased ([@bib0370] ^c^).

#### Buprenorphine {#s0390}

Atazanavir and atazanavir + ritonavir both resulted in increased metabolite concentrations of buprenorphine, and dosage reduction of buprenorphine is recommended; there was no change in the concentrations of the protease inhibitors ([@bib0380] ^c^).

#### Warfarin {#s0400}

In two patients who were taking a non-nucleoside reverse transcriptase inhibitor (NNRTI), nevirapine, or a protease inhibitor, nelfinavir or lopinavir + ritonavir, and two nucleoside analogues, high doses of warfarin were required to maintain therapeutic INRs ([@bib0390] ^A^). Warfarin has two enantiomers, *R*-warfarin and *S*-warfarin, which are substrates of CYP3A4 (*R*-warfarin), CYP1A2 (*R*-warfarin), and CYP2C9 (*S*-warfarin). Protease inhibitors and NNRTIs have variable effects on CYPs: induction, inhibition, or mixed effects. The increased warfarin doses required in these two patients may have been caused by induction of CYP3A4 by nevirapine, of CYP2C9 by nelfinavir, or of CYP2C9 by lopinavir + ritonavir.

Drugs Active Against HIV: Nucleoside Analogue Reverse Transcriptase Inhibitors (NRTIs) *(SED-15, 2586; SEDA-29, 304; SEDA-30, 349; SEDA-31, 482)* {#s0410}
=================================================================================================================================================

Abacavir *(SED-15, 3; SEDA-29, 303; SEDA-30, 348; SEDA-31, 482)* {#s0420}
----------------------------------------------------------------

### Gastrointestinal {#s0430}

In patients with AIDS-associated dementia ADC taking optimal stable background antiretroviral therapy including either abacavir or placebo there was significantly more *nausea* in those who took abacavir ([@bib0400] ^c^).

### Immunologic {#s0440}

Three patients developed *painful lymphadenopathy* shortly after starting to take abacavir, mimicking immune reconstitution syndrome ([@bib0410] ^A^). They also had a fever and a rash and all were HLA-B∗5701-positive. They recovered after withdrawal of abacavir.

Abacavir *hypersensitivity* occurred in a 36-year-old man after he switched from a twice-daily to a once-daily regimen ([@bib0420] ^A^).

In a 52-year-old woman, abacavir hypersensitivity presented as acute fibrinous and organizing pneumonia, with dyspnea, hypoxia, and bilateral infiltrates ([@bib0430] ^A^).

### Susceptibility factors {#s0450}

#### Genetic {#s9450}

A sequence variation in the HIV reverse transcriptase codon 245 has been associated with host HLA-B∗5701 in 392 HIV-infected, antiretroviral drug-naive adults, and the relation between the codon 245 variation and premature abacavir withdrawal was investigated in 982 treated individuals ([@bib0440] ^C^). Only one of 24 subjects with B∗5701 harbored virus with the clade B 'wild-type' amino acid 245V, compared with 278 of 368 who did not have B∗5701. The sensitivity and specificity of codon 245 substitutions for predicting HLA-B∗5701 were 96% and 75% respectively, and the positive and negative predictive values were 20% and 99.6% respectively. The authors argued that the reverse transcriptase codon 245 could be adopted as a simple, low-cost screening method to identify individuals who could be safely treated with abacavir when detection of HLA-B∗5701 is not rapidly and easily available.

### Drug--drug interactions {#s0460}

#### Alcohol {#s9460}

Three patients had possible reactions to alcohol while taking abacavir ([@bib0450] ^A^). One had a disulfiram-like reaction (nausea, facial flushing, tachycardia) repeatedly on re-challenge with alcohol. Another described a feeling of being drunk after small amounts of alcohol. A third had malaise after increasing his alcohol intake. The authors suggested that abacavir might inhibit alcohol dehydrogenase.

Didanosine *(SED-15, 1113; SEDA-29, 303; SEDA-30, 348; SEDA-31, 483)* {#s0470}
---------------------------------------------------------------------

### Urinary tract {#s0480}

*Fanconi syndrome and nephrogenic diabetes insipidus* associated with didanosine have been reported ([@bib0460] ^A^).•A 40-year-old man developed polydipsia, polyuria, fatigue, and weight loss after taking didanosine, lamivudine and boosted atazanavir for 2 years. He had hypophosphatemia, hypouricemia, hyperchloremic metabolic acidosis with a normal anion gap, normoglycemic glycosuria, and low-molecular-weight proteinuria. The plasma antidiuretic hormone (ADH) concentration was high at 4.8 pg/ml (reference range 1.4--4.4 pmol/l). The didanosine was replaced with another protease inhibitor and the other medications remained unchanged. He improved slowly.

### Drug--drug interactions {#s0490}

#### Ganciclovir {#s9490}

It has been suggested that ganciclovir and its prodrug valganciclovir inhibit purine nucleoside phosphorylase (PNP) in a similar manner to tenofovir and increase didanosine concentrations, reducing its efficacy ([@bib0470] ^A^).•A 68-year-old woman with HIV and cytomegalovirus enteritis was given valganciclovir, lamivudine, didanosine, and lopinavir + ritonavir. After 3 months, her viral load fell to less than 50 copies/ml and the CD4+ cell count was 317 × 10^6^/l. Over the next 9 months her viral load remained suppressed, but the CD4+ cell count fell to 83 × 10^6^/l and she had symptoms of didanosine toxicity. Didanosine was replaced with abacavir, leading to complete recovery of the CD4+ cell count and resolution of symptoms.

Reduction of the dosage of didanosine or substitution with an alternative antiretroviral drug may be necessary when ganciclovir is used.

Stavudine {#s0500}
---------

### Metabolism {#s0510}

*Lipodystrophy* tended to occur more often in 58 HIV/hepatitis C co-infected patients who had severe weight loss than in 111 other patients (26% versus 18%), and patients who had persistent *weight loss* over 5% for 24 weeks after the completion of anti-hepatitis C virus (HCV) therapy were more likely to be taking a stavudine-based antiretroviral therapy ([@bib0480] ^c^).

In another study patients with lipoatrophy had higher drug exposure to stavudine than controls ([@bib0490] ^c^). This was reflected in the higher geometric concentration ratios (0.978 and 0.741 respectively) and a higher percentage of ratios over 1.0, representing a drug concentration above the normal population curve (46% versus 23%). In addition, the duration of stavudine therapy was independently associated with lipoatrophy. In a multivariate analysis, both duration of stavudine therapy and a concentration ratio over 1.0 independently correlated with lipoatrophy.

Changes in body habitus occur when stavudine is withdrawn. In 574 HIV-positive women who stopped taking stavudine for over 2.25 years, there were significantly smaller reductions in hip and thigh circumferences compared with the reductions that occurred at 1--2.25 years after stavudine withdrawal ([@bib0500] ^c^).

Stavudine *reduces insulin sensitivity* and causes *mitochondrial toxicity* in healthy subjects. In 16 participants without a personal or family history of diabetes who were randomized to stavudine 30--40 mg bd or placebo for 1 month, insulin sensitivity was significantly reduced by stavudine ([@bib0510] ^c^). In addition, muscle biopsies in those who took stavudine showed significant reductions in mtDNA/nuclear DNA, but there were no changes in placebo-treated subjects. P magnetic resonance spectroscopy studies of mitochondrial function correlated with measures of insulin sensitivity.

In 125 patients in a retrospective study, symptomatic *hyperlactatemia* in 114 (91%) was associated with stavudine median duration 13 months ([@bib0520] ^C^). Nine patients (7.2%) died; those who died had a higher mean lactate concentration (8.0 versus 5.1 mmol/l) and mean AlT activity (164 versus 48 U/l) at the time of diagnosis than those who survived. Those who died had a lower mean weight than those who survived (48 versus 59 kg). By logistic regression, mortality was associated with patients whose body weight was under 45 kg (OR = 9.1; 95% CI = 1.6, 53) and whose serum lactate was over 10 mmol/l (OR = 20; 95% CI = 2.6, 159).

### Dosage regimens {#s0520}

A meta-analysis of clinical trials conducted before and after regulatory approval of stavudine has shown that a dosage of 30 mg bd has equivalent antiviral efficacy, with some evidence of lower rates of peripheral neuropathy and lipoatrophy, to the standard dosage of 40 mg bd ([@bib0530] ^M^). It has been suggested that this is the most appropriate dose in resource-limited settings ([@bib0540] ^M^). Reducing the dosage of stavudine by one-half increased fat mtDNA and bone density and decreased lactate concentrations in a study of 24 patients already taking a standard dose ([@bib0550] ^c^).

Zidovudine *(SED-15, 3713; SEDA-31, 485)* {#s0530}
-----------------------------------------

### Hematologic {#s0540}

*Hemoglobin A2* can rise in HIV-infected patients, possibly because of therapy ([@bib0560] ^c^). In cross-sectional and cohort studies, hemoglobin A2 was often raised in untreated patients, but a further rise during treatment was specifically attributable to zidovudine. The concentration of hemoglobin A2 may be high enough to lead to a misdiagnosis of beta-thalassemia.

### Genotoxicity {#s0550}

Micronucleated reticulocyte frequencies have been measured as a marker of chromosomal damage in 16 HIV-infected mother--infant pairs, of whom 13 women had taken prenatal zidovudine and 3 antiretroviral drugs without zidovudine ([@bib0570] ^c^). All the infants received zidovudine for 6 weeks. Venous blood was obtained from women at delivery and from infants at 1--3 days, 4--6 weeks, and 4--6 months of life; cord blood was collected immediately after delivery. Ten cord blood samples (controls) were obtained from infants of HIV-negative women who did not receive antiretroviral therapy. There were 10-fold increases in micronucleated reticulocytes in women and infants who received zidovudine-containing antiretroviral therapy prenatally and no increases in the other women and infants. Micronucleated reticulocytes in the zidovudine-exposed neonates fell over the first 6 months of life to values comparable to cord blood controls. The authors concluded that transplacental zidovudine exposure is genotoxic in humans and they recommended long-term monitoring of zidovudine-exposed infants.

### Teratogenicity {#s0560}

A possible association between first trimester exposure to zidovudine and an increased risk of *hypospadias* based on one cohort study has been reported ([@bib0580] ^c^). Among 2527 live births to 2353 women, defects were identified in 90 babies (3.56 defects per 100 live births). The rate of defects was 3.19 per 100 live births with first-trimester antiretroviral drug exposure, 3.54 per 100 live births with exposure later in pregnancy, and 4.05 of 100 live births with no antiretroviral drug use. Only genital abnormalities, specifically hypospadias, were significantly increased among babies born to women with first-trimester exposure to antiretroviral drugs (7 of 382 male live births) compared with the two other groups (2 of 892 male live births). Logistic regression suggested that use of zidovudine in the first trimester was associated with hypospadias (adjusted OR = 11; 95% CI = 2.1, 54).

### Pregnancy {#s0570}

In a pharmacokinetic study of three doses of zidovudine 300 mg 3-hourly in pregnancy in six subjects, plasma zidovudine concentrations were substantially lower than previously reported during continuous intravenous therapy ([@bib0590] ^A^). In another study in four women who took an initial 600 mg dose followed by two 400 mg doses 3-hourly, the zidovudine AUC and concentrations increased approximately in proportion to the increase in dose but varied 6--7 times ([@bib0600] ^A^). In both cohorts, the pharmacokinetic results suggested erratic absorption.

### Drug--drug interactions {#s0580}

#### Co-trimoxazole {#s9580}

Combined exposure to zidovudine plus co-trimoxazole caused a clinically significant suppression of humoral immune responses to influenza immunization in 23 HIV-positive patients with CD4 counts above 350 × 10^6^/l ([@bib0610] ^c^).

#### Ribavirin {#s0590}

Ribavirin did not inhibit the formation of zidovudine triphosphate in peripheral blood monocytes in 14 patients over 8 weeks ([@bib0620] ^c^).

Drugs Active Against HIV: Nucleotide Analogue Reverse Transcriptase Inhibitors {#s0600}
==============================================================================

Tenofovir *(SED-15, 3314; SEDA-29, 304; SEDA-30, 349; SEDA-31, 485)* {#s0610}
--------------------------------------------------------------------

### Urinary tract {#s0620}

In a pilot, open, non-comparative add-on study, in which patients who had failed treatment with at least two thymidine-associated resistance mutations were given tenofovir 600 mg/day for 4 weeks in addition to their current failing antiretroviral regimen (*n*  = 10), one developed *de Fanconi syndrome* at week 2 and two developed grade one *hypophosphatemia* ([@bib0630] ^c^).

In a multicenter, observational, retrospective study of 733 HIV-positive patients taking tenofovir, 85 patients (11.6%) stopped taking tenofovir because of adverse events, including *nausea, vomiting, diarrhea*, and *headache*. There was no association between any abnormal basal analytical parameter and a greater probability of stopping treatment ([@bib0640] ^C^).

In a single-center, cross-sectional evaluation of β~2~ microglobinuria as a marker of *proximal renal tubule damage* in 92 HIV-infected children, tenofovir was significantly associated with very high abnormal values ([@bib0650] ^C^).

Drugs Active Against HIV: Non-Nucleoside Reverse Transcriptase Inhibitors (NNRTIs) *(SED-15, 2553; SEDA-28, 334; SEDA-29, 305; SEDA-30, 349; SEDA-31, 486)* {#s0630}
===========================================================================================================================================================

Efavirenz *(SED-15, 1204; SEDA-29, 305; SEDA-30, 349; SEDA-31, 486)* {#s0640}
--------------------------------------------------------------------

The efficacy, resistance profile, adverse effects, and drug interactions of efavirenz have been reviewed ([@bib0660] ^R^).

### Psychiatric {#s0650}

*Neuropsychiatric symptoms* provoked by efavirenz have been reviewed ([@bib0670] ^R^). Of 103 patients who took didanosine, lamivudine, and efavirenz for 48 weeks, 19 had neuropsychiatric adverse effects related to efavirenz ([@bib0680] ^c^).

In an evaluation of the effectiveness and adverse effects of a simplification regimen with tenofovir, lamivudine, and efavirenz in 154 HAART-experienced HIV-1-infected subjects with sustained viral suppression, 9 had psychiatric adverse effects related to efavirenz, leading to drug withdrawal in most cases; the symptoms included n*ightmares, insomnia, nervousness*, and *anxiety* ([@bib0690] ^c^).

### Metabolism {#s0660}

ACTG study 5095 was a randomized, placebo-controlled, double-blind study designed to compare three protease inhibitor-sparing antiretroviral drug regimens (zidovudine + lamivudine + abacavir; zidovudine + lamivudine + efavirenz; zidovudine + lamivudine + abacavir + efavirenz) in the initial treatment of HIV-1 infection in 1147 subjects ([@bib0700] ^C^). There were modest *rises in serum triglycerides, LDL cholesterol, and HDL cholesterol* in the two efavirenz-containing arms compared with the triple-nucleoside arm.

### Urinary tract {#s0670}

A *renal calculus* that occurred in a 47-year-old man taking efavirenz contained efavirenz metabolites (60%) and about 40% of unspecified proteins ([@bib0710] ^A^). This was a between-the-eyes adverse effect of type 1a, definitively implicating efavirenz ([@bib0720] ^H^).

### Breasts {#s0680}

In cohort study from Cambodia, 2 of 343 patients developed *gynecomastia* while taking a regimen containing efavirenz ([@bib0730] ^c^).

### Susceptibility factors {#s0690}

#### Genetic {#s9690}

Efavirenz is metabolized by CYP2B6. The pharmacokinetics of efavirenz have been studied in 71 children with a G-to-T polymorphism at position 516 of the CYP2B6 gene, which affected its oral clearance ([@bib0740] ^c^). Children with the T/T genotype had a slower oral clearance rate than those with the G/T genotype and the G/G genotype. The fastest clearance was found in children under 5 years of age with the G/G genotype.

The association between efavirenz-induced *psychosis* and a genetic polymorphism in CYP2B6 has been reported in a child ([@bib0750] ^A^).•A 12-year-old HIV-positive girl taking lopinavir 400 mg bd, ritonavir 100 mg bd, stavudine 30 mg bd, didanosine 250 mg/day, and efavirenz 600 mg/day developed an overt psychosis. Her serum efavirenz concentration was 7--8 times higher than expected and she had a heterozygous gene polymorphism encoding for the CYP2B6 isoenzyme, which has previously been associated with reduced clearance of efavirenz. The psychotic symptoms resolved gradually after withdrawal of efavirenz.

### Drug--drug interactions {#s0700}

#### Antimalarial drugs {#s9700}

Two healthy volunteers who took amodiaquine plus artesunate and efavirenz had significant asymptomatic rises in liver transaminases, which did not occur in the absence of efavirenz ([@bib0760] ^c^).

#### Voriconazole {#s0710}

In a randomized, placebo-controlled, two-period, multiple-dose within-group, fixed-dose sequence study of the interaction of voriconazole 200 mg bd with efavirenz 400 mg/day in healthy men, repeated doses of efavirenz substantially reduced the steady-state mean AUC and *C* ~max~ of voriconazole by 80% and 66% respectively ([@bib0770] ^C^). Repeated therapeutic doses of voriconazole moderately increased the steady-state mean AUC and *C* ~max~ of efavirenz by 43% and 37% respectively. When voriconazole was co-administered with efavirenz, the incidence of adverse events was similar to that with efavirenz alone.

Nevirapine {#s0720}
----------

### Liver {#s0730}

*Hepatotoxicity* is a major problem with nevirapine ([@bib0780] ^R^). The frequency of large increases in liver enzymes in patients taking efavirenz is 1--8%, whereas in patients taking nevirapine it is 4--18%.

A warning about the increased risk of hepatotoxicity in antiretroviral-naive patients who start to take nevirapine-containing combination antiretroviral therapy has been issued based on CD4 cut-off values and sex. However, it is unclear whether this higher risk also applies to stable virologically suppressed patients. A meta-analysis of four published randomized studies in 410 patients, including virologically suppressed patients who switched to nevirapine-containing regimens with a follow-up of at least 3 months, has shown that the risks of hepatotoxicity within the first 3 months were 2% and 4% in those with low and high CD4 counts, respectively, with a combined OR of 1.5 (95% CI = 0.4, 5) ([@bib0790] ^M^). The risk of hepatotoxicity at any time during the study was similar in the groups, with a combined HR of 0.8 (95% CI = 0.3, 2.5). The authors concluded that virologically suppressed patients who switch to nevirapine do not have a significantly higher risk of hepatotoxicity or rash when stratified by sex and CD4 cell count.

The aim of a retrospective study was to determine whether these recommendations are of use in preventing adverse effects ([@bib0800] ^c^). Drug-naive patients (*n*  = 142) who started treatment with nevirapine were divided into two groups: those with high or low CD4 counts (*n*  = 61 and 81 respectively). There were rashes in 4 patients in the high-CD4 group and in 12 of those in the low-CD4 group and hepatotoxicity in 3 and 5 patients respectively. The authors concluded that the advice not to use nevirapine in drug-naive patients at increased risk of toxicity on the basis of sex and CD4 cell count does not seem to be useful in preventing adverse effects.

In a retrospective study, 582 patients (72% men) received 744 nevirapine-based HAART regimens ([@bib0810] ^c^). During 10% of treatments, there were grade 3 or greater *increases in transaminase activities*, an overall incidence rate of 5.3 cases per 100 person-years. This led to treatment withdrawal in 3.9% of cases.

In a retrospective study of over 1000 pregnant women taking nevirapine-containing regimens, 93% started or continued nevirapine during the first and second trimesters ([@bib0820] ^cA^). Concurrent chronic hepatobiliary disorders slightly increased the likelihood of hepatotoxicity. Of seven patients who had liver dysfunction, six previously had had hepatitis C and gall bladder disease.

### Skin {#s0740}

Widespread *vitiligo* after erythroderma has been attributed to nevirapine ([@bib0830] ^A^).•A 34-year-old man developed erythroderma, a high fever and hepatitis after taking nevirapine for 1 month. There was jaundice and a confluent macular rash on the arms, legs, trunk, and face. Histology showed a parakeratotic epidermis with focal spongiosis, necrotic keratinocytes and vacuolar degeneration of the basal layer, together with moderate edema and a perivascular mononuclear cell infiltrate, with some eosinophils in the upper dermis. The lesions faded on withdrawal of nevirapine and administration of oral glucocorticoids, but took around 6 months to finally subside.

*Drug rash with eosinophilia and systemic symptoms* (DRESS) has been associated with nevirapine in a child ([@bib0840] ^A^)•A 12-year-old girl took a nevirapine-containing regimen for 4 months and had recurrent episodes of fever, cough, sore throat, nausea, and vomiting 2--4 weeks apart. A chest X-ray showed mild bronchial wall thickening with left lower lobe atelectasis or a mild infiltrate. Her temperature was 40°C and she had a tachycardia of 145/minute. She had a generalized maculopapular confluent blanching rash, but no target lesions or blisters, conjunctival injection, nasal congestion, a hyperemic posterior pharynx, and several bilateral non-tender cervical lymph nodes. The liver was enlarged by 4 cm but the spleen was not palpable. The white blood cell count was 9.7 × 10^9^/l, with a marked eosinophilia (31%). She was successfully treated with intravenous immunoglobulin and antiretroviral drug withdrawal.

Nevirapine-induced *Stevens--Johnson syndrome* has been reported as having been misdiagnosed as viral keratitis ([@bib0850] ^A^).

### Immunologic {#s0750}

In a retrospective study of trough plasma concentrations of nevirapine and five oxidative metabolites in 1357 patients with rashes or liver function abnormalities during the first 6 weeks of treatment and controls matched for glucocorticoid use, CD4 cell count, sex, race, and hepatitis B/C status, 49 case--control pairs were studied ([@bib0860] ^c^). Women had significantly greater exposure than men to nevirapine and four of the five metabolites at week 2, but the plasma concentrations were comparable by week 4. There were no strong relationships between plasma concentrations of nevirapine or any of its five metabolites and case-defining events. The authors commented that systemic exposure to 12-hydroxynevirapine and 4-carboxynevirapine, hypothesized to be reactive intermediates for immune-mediated adverse reactions, were comparable between the cases and controls and were comparable in proportion to nevirapine exposure.

### Pregnancy {#s0760}

In a retrospective, five-center comparison in HIV-1-infected women who took nevirapine as part of combination antiretroviral therapy during pregnancy, 15 of 235 eligible women (6.4%) developed a rash and 8 (3.4%) developed *hepatotoxicity*, including 4 with a co-existent *rash*, giving a combined incidence of 19 potential cases of nevirapine toxicity during pregnancy (8.1%) ([@bib0870] ^c^). Alternative causes of rash or hepatotoxicity were suspected in 7 cases, and only 10 mothers (5.8%) stopped taking nevirapine. Of the 170 women who started taking nevirapine during pregnancy, 13 (7.6%) developed a rash and 8 (4.7%) hepatotoxicity. Only 2 of 65 women (3.1%) with nevirapine exposure before pregnancy had had a rash.

### Susceptibility factors {#s0770}

#### Genetic {#s9770}

HLA typing and demographic and immunological susceptibility factors for reactions to nevirapine and efavirenz have been studied in 21 HIV-positive patients with rashes ([@bib0880] ^c^). Isolated rashes were significantly associated with HLA-DRB101. There were no cases of liver toxicity nor any association with the percentage of CD4 cells.

In 326 HIV-1-positive individuals, 309 of whom were Japanese, 42% of those who had hypersensitivity reactions to nevirapine had HLA-Cw8, compared with only 10% of the others and 9--14% of the general Japanese population ([@bib0890] ^c^). In the former group, four patients, including one who developed hepatotoxicity, had HLA-Cw∗0801 and one had HLA-Cw∗0803. Among the others, three patients had HLA-Cw∗0801. There were no significant differences in the frequencies of other HLA alleles between the two groups.

### Drug dosage regimens {#s0780}

Nevirapine has a long half-life and could be given once a day, but the risk of rashes and concerns over liver toxicity preclude the routine use of once-daily dosing. However, tolerance to high concentrations of nevirapine can develop when doses are increased slowly during the start of therapy. It is therefore theoretically possible that the benefits of once-daily dosing could be achieved without excess toxicity by switching to once-daily nevirapine after several months of twice-daily administration ([@bib0900] ^R^).

However, in the DAUFIN study, a twice-daily regimen of zidovudine 300 mg + lamivudine 150 mg + nevirapine 200 mg was compared with a once-daily regimen of lamivudine 300 mg + tenofovir 245 mg + nevirapine 400 mg ([@bib0910] ^C^). The study was stopped after early virological failure was observed in 8 of 36 once-daily patients. Resistance mutations accumulated during treatment, with high rates of K65R mutations and severe NNRTI resistance profiles indicative of continuing viral replication caused by suboptimal nevirapine plasma trough concentrations, possibly due to non-adherence. Non-B-subtype infection (subtypes A and C not stated) was observed in 4 of 10 patients with virological failure. The authors suggested that once-daily dosing can be introduced after induction of viral suppression has been achieved with a twice-daily regimen.

### Drug--drug interactions {#s0790}

#### Fluconazole {#s9790}

Co-administration of nevirapine 200 mg/day with fluconazole 400 mg/day results in markedly increased trough plasma nevirapine concentrations compared with nevirapine alone ([@bib0920] ^c^). In a retrospective study in 112 patients who were given nevirapine-based therapy with or without fluconazole 200 or 400 mg/day, mean nevirapine concentrations were 6.5 mg/l without fluconazole and 11.4 with fluconazole. One patient taking fluconazole developed hepatitis. Six of those who did not take fluconazole developed nevirapine-related rashes. There were no differences in 36-week antiviral efficacy between the two groups.

Drugs Active Against HIV: Protease Inhibitors *(SED-15, 2586; SEDA-29, 306; SEDA-30, 351; SEDA-31, 487)* {#s0800}
========================================================================================================

Atazanavir {#s0810}
----------

### Liver {#s0820}

*Hyperbilirubinemia* and jaundice occurred during administration of atazanavir in all 23 healthy volunteers taking part in a 30-day follow-up study; there was a 52% increased minimum plasma concentration with co-administration of darunavir ([@bib0930] ^c^).

### Hair {#s0830}

*Alopecia* has been reported with ritonavir-boosted atazanavir ([@bib0940] ^A^).

### Drug--drug interactions {#s0840}

#### Rifampicin {#s9840}

Concomitant usage of rifampicin with regimens including atazanavir should be avoided, as they result in subtherapeutic concentrations of atazanavir ([@bib0950] ^A^).

#### Tenofovir {#s0850}

Atazanavir increased tenofovir concentrations in an open, crossover study in 30 healthy volunteers ([@bib0960] ^c^).

Fosamprenavir {#s0860}
-------------

### Placebo-controlled studies {#s0870}

*Rashes* and *gastrointestinal disturbances* were the most frequently reported adverse effects in a randomized controlled trial of fosamprenavir + ritonavir in treatment-naive HIV-infected patients ([@bib0970] ^C^).

Indinavir {#s0880}
---------

### Gastrointestinal {#s0890}

Of 30 patients taking ritonavir + indinavir 400/100 mg in an open pilot study in Mali, one reported *nausea* ([@bib0980] ^A^).

In a prospective study of 70 sub-Saharan African patients taking indinavir, 22 had severe *vomiting* ([@bib0990] ^A^).

### Liver {#s0900}

*Rises in serum unconjugated bilirubin concentrations* were reported in the Pivotal Phase III Trial. The mechanism is thought to be direct inhibition of bilirubin conjugation by competitive inhibition of UDP glucuronosyltransferase. Patients with polymorphisms in the UGT 1A1 gene are more likely to develop hyperbilirubinemia ([@bib1000] ^R^).

### Urinary tract {#s0910}

Indinavir causes *nephrolithiasis* and renal impairment as a result of crystallization in the urinary tract and resultant inflammation ([@bib1010] ^A^). Continuation of the drug with some improvement in renal function is possible with drug concentration monitoring. Co-factors such as concomitant co-trimoxazole therapy and environmental temperature increase the risk ([@bib1000] ^R^). Using indinavir + ritonavir at the lower doses of 400 and 100 mg bd seems to reduce these adverse effects.

*Hematuria* and *flank pain* each occurred in 38 patients in a study of asymptomatic HIV-infected individuals who took indinavir in a long-term follow-up study over 157 weeks ([@bib0250] ^c^).

### Hair and nails {#s0920}

*Paronychia, alopecia, curling of straight hair*, and *ingrowing toenails* have all been attributed to indinavir ([@bib1020] ^R^).

### Pregnancy {#s0930}

In a study of 16 pregnant women taking indinavir, two women and eight infants developed hepatotoxicity and had increased concentrations of indinavir, suggesting increased intestinal/hepatic CYP3A activity during pregnancy ([@bib1030] ^A^).

Nelfinavir {#s0940}
----------

### Metabolism {#s0950}

Of 111 pregnant women 15 taking nelfinavir developed *gestational diabetes* compared with none taking zidovudine monotherapy and two of 43 taking NRTIs and NNRTIs; the risk of gestational diabetes was increased in those with hepatitis C or who had begun HAART before pregnancy ([@bib1040] ^c^).

### Nails {#s0960}

*Paronychia* has been reported in a case report occurring during nelfinavir treatment ([@bib1050] ^A^).

Ritonavir {#s0970}
---------

### Drug--drug interactions {#s0980}

#### Fluticasone {#s9980}

Cushing's syndrome and adrenal suppression can be caused if protease inhibitors increase systemic glucocorticoid concentrations. Iatrogenic Cushing's syndrome has been attributed to ritonavir by an interaction with fluticasone ([@bib1060] ^A^).•A 16-year-old girl who had taken various antiretroviral drugs eventually took stavudine, lamivudine, and ritonavir and then used inhaled fluticasone + salmeterol for bronchiectasis. After 3 months she had excessive weight gain, increased appetite, fatigue, facial edema, marked acne, stretch marks on her limbs and abdomen, hypercholesterolemia, hypertriglyceridemia and amenorrhea. Cushing's syndrome was attributed to an interaction of fluticasone with ritonavir, which was changed to efavirenz. There was a gradual improvement within 30--60 days, with reduced edema and stretch marks and return of menstruation.

A similar case involved a 14-year-old girl ([@bib1070] ^A^).

Saquinavir {#s0990}
----------

### Observational studies {#s1000}

In the ASPIRE 1 study, 7 of 17 healthy volunteers who took saquinavir + ritonavir for 3 months developed grade 3 *gastrointestinal adverse effects* and seven had *hyperbilirubinemia* ([@bib1080] ^c^). In the ASPIRE 2 study there was hyperbilirubinemia in 8 of 16 healthy volunteers.

Tipranavir {#s1010}
----------

Tipranavir is a non-peptide protease inhibitor approved for use in patients with resistant strains of HIV ([@bib1090] ^R^, [@bib1100] ^M^, [@bib1110] ^R^). Its pharmacokinetics, efficacy, and adverse effects in children and adolescents have been reviewed ([@bib1120] ^R^). It can be used in combination with ritonavir.

### Observational studies {#s1020}

In a 24-week multi-center, double-blind, randomized, dose-finding trial of ritonavir-boosted tipranavir in 216 patients, the most common adverse events were *diarrhea, nausea, vomiting, fatigue*, and *headache* ([@bib1130] ^C^).

### Hematologic {#s1030}

Tipranavir boosted with ritonavir caused an *increased risk of bleeding* in 3 of 30 HIV-infected patients with hemophilia ([@bib1140] ^c^).

*Intracranial hemorrhage* has been reported in a patient taking tipranavir ([@bib1150] ^A^).

### Liver {#s1040}

Tipranavir is associated with an excess of grade 3/4 *rises in liver enzyme* compared with other ritonavir-boosted protease inhibitors ([@bib1160] ^R^).

### Pancreas {#s1050}

Acute *pancreatitis* associated with hypertriglyceridemia has been reported in a patient taking tipranavir + ritonavir ([@bib1170] ^A^).•A 42-year-old man taking tenofovir 300 mg/day, trizivir (zidovudine, lamivudine, and abacavir) one tablet bd, and tipranavir 500 mg bd + ritonavir 200 mg bd drank six standard alcoholic drinks 2 days before admission and developed marked tenderness in the epigastric region and a raised serum lipase at 113 IU/l (reference range below 65 IU/l). An abdominal computed tomography (CT) scan showed pancreatic edema with peripancreatic fluid consistent with acute pancreatitis. Ultrasonography showed a mildly dilated common bile duct with no evidence of cholelithiasis and CT cholangiography showed no evidence of gall-stone pancreatitis. The presumed diagnosis was alcohol-induced pancreatitis. He was managed conservatively by withdrawal of medications, intravenous fluids, and slow resumption of oral intake. However, within 12 days he again developed severe epigastric pain. He denied further alcohol use. The serum concentration of triglycerides was 99 mmol/l, and retrospective testing of blood samples taken during the earlier illness also showed marked hypertriglyceridemia. Tipranavir + ritonavir was withdrawn, efavirenz given, and tenofovir and trizivir continued. His triglyceride concentrations fell to 10.3 mmol/l 3 weeks later and 4.8 mmol/l 12 months later without specific intervention.

### Skin {#s1060}

*Porphyria cutanea tarda* has been reported after the introduction of tipranavir + ritonavir to a backbone of tenofovir and lamivudine ([@bib1180] ^A^).•A 59-year-old heterosexual woman switched to tipranavir-containing therapy after virological failure. After 5 days she developed a rash accompanied by nausea, vomiting, malaise, and hyperamylasemia. All antiretroviral drugs were withdrawn, she improved, and treatment was restarted. Although the lesions were resolving, several blisters appeared on her hands, mainly on the fingers, along with itching and skin fragility on her arms. Aciclovir was ineffective and 1 month later the itch and blisters worsened. Urine concentrations of protoporphyrin and coproporphyrin were about 100 and 10 times higher than normal.

### Drug resistance {#s1070}

Virological response rates in tipranavir-treated individuals were reduced when isolates with substitutions at amino acid positions I13, V32, M36, I47, Q58, D60, V82, or I84 were present at baseline ([@bib1190] ^C^). In addition, virological response rates to tipranavir were reduced when the number of baseline protease inhibitor mutations was five or more. Individuals who took tipranavir without concomitant enfuvirtide and had five or more baseline protease inhibitor mutations began to lose antiviral response at weeks 4--8. However, individuals taking enfuvirtide with tipranavir achieved more than 1.5 log~10~ reductions in viral load from baseline at 24 weeks, even if they had five or more baseline protease inhibitor mutations. Virological response rates to tipranavir were reduced when the baseline phenotype for tipranavir had a greater than threefold shift in the 50% effective concentration (EC~50~) from reference. The most common protease inhibitor mutations that were associated with virological failure were L10I/V/S, I13V, L33V/I/F, M36V/I/L V82T, V82L, and I84V.

### Drug--drug interactions {#s1080}

Interactions with tipranavir + ritonavir have been reviewed ([@bib1200] ^R^). Tipranavir is metabolized by CYP3A and tipranavir + ritonavir in vitro inhibits CYP1A2, CYP2C9, CYP2C19, CYP2D6, and CYP3A and induces glucuronidase and P glycoprotein.

#### Protease inhibitors {#s1090}

Ritonavir-boosted tipranavir, alone and in combination with comparator protease inhibitors, has been studied in 315 HIV-infected patients ([@bib1210] ^C^). The addition of tipranavir + ritonavir 2 weeks after single protease inhibitor therapy reduced plasma trough concentrations of lopinavir, saquinavir, and amprenavir by 52%, 80%, and 56% respectively. The efficacy of a dual protease inhibitor regimen depended on the presence of tipranavir, and additional recycled protease inhibitors had limited activity, even in drug-resistant patients with plasma trough concentrations regarded as likely to be adequate. However, there are no clear guidelines about adequate trough concentrations of antiretroviral drugs.

Drugs Active Against Influenza Viruses: Neuraminidase Inhibitors *(SED-15, 2436; SEDA-29, 310; SEDA-30, 352; SEDA-31, 489)* {#s1100}
===========================================================================================================================

Oseltamivir {#s1110}
-----------

### Psychiatric {#s1120}

Oseltamivir-induced worsening of *delirium* has been reported in an 83-year-old man, whose symptoms resolved 2 days after withdrawal ([@bib1220] ^A^).

Japanese authorities advised against using oseltamivir in adolescents aged 10--19 years after two *suicides* during 2007 and more than 100 reports of neuropsychiatric events identified during post-marketing surveillance, including *delirium, convulsions*, and *encephalitis* ([@bib1230] ^r^). However, it is not clear whether these events were due to the influenza or the drug; in Phase III trials, there were similar incidences of neurological and psychiatric events in both treated and untreated patients ([@bib1240] ^R^). Of 1113 patients enrolled in a Japanese neuraminidase inhibitor treatment study, 11 had neuropsychiatric symptoms, in 4 cases before the start of treatment ([@bib1250] ^C^). The US Food and Drug Administration (FDA) and European Medicines Agency (EMA) have advised doctors to monitor patients for abnormal behavior throughout treatment ([@bib1230] ^r^).

### Gastrointestinal {#s1130}

Acute *hemorrhagic colitis* has been associated with oral oseltamivir in a 61-year-old man, who developed abdominal pain, diarrhea and hematochezia after taking two doses of oseltamivir ([@bib1260] ^A^).

In a systematic review of three trials of neuraminidase inhibitors for preventing and treating influenza in 1500 children, 977 of whom had laboratory-confirmed influenza, those who took oseltamivir had *vomiting* more often than untreated children but withdrawal was rarely required ([@bib1270] ^M^).

### Drug resistance {#s1140}

Resistance occurs in under 1% of healthy adults but occurs more often in children, from 5.5% up to 18% in one study, although a lower dosage regimen was used in that study. Resistance is often seen among immunocompromised patients. It was reported in two of eight patients infected with H5N1 and was associated with a fatal outcome. Resistance is associated with loss of fitness ([@bib1280] ^R^). In 2008 widespread resistance emerged in H1N1 influenza, but it remains to be seen whether its circulation is sustained after the emergence of oseltamivir-sensitive swine vH1N1.

### Susceptibility factors {#s1150}

#### Genetic {#s9150}

There was no evidence of a difference in AUC~1→20~ of oseltamivir or its active metabolite oseltamivir carboxylate between 14 Japanese subjects and 14 Caucasian subjects, or between children aged 1--2 years old and adults ([@bib1290] ^c^).

Zanamivir {#s1160}
---------

### Systematic reviews {#s1170}

A meta-analysis of the adverse effects of zanamivir in children showed that it was no worse than placebo ([@bib1270] ^M^).

Drugs Active Against Influenza Viruses: Ion Channel Inhibitors *(SED-15, 105 3051; SEDA-31, 269)* {#s1180}
=================================================================================================

 {#s1190}

### Comparative studies {#s1200}

In a randomized controlled trial in patients with chronic hepatitis C treated with interferon-alfa 2a alone (*n*  = 53), with amantadine 100 mg bd (*n*  = 111), with ribavirin (*n*  = 106) or with amantadine + ribavirin (*n*  = 108), there was a sustained virological response in 13%, 6%, 18%, and 22% respectively ([@bib1300] ^C^). This was statistically different between interferon + amantadine and triple therapy but not between interferon + ribavirin and triple therapy. The spectra and frequencies of adverse effects were similar in all four treatment arms. However, six patients withdrew because of adverse effects, three of them in an arm containing amantadine.

In two groups of non-responders with HCV genotype 1 chronic infection taking interferon and ribavirin, with or without amantadine 200 mg/day, viral load fell more markedly in the group taking triple therapy including amantadine, but the response rates at the end of treatment were not significantly different ([@bib1310] ^c^). Although analysis of the viral ion channel p7 showed selective pressure during therapy, no specific residues appeared to be linked to the effect of amantadine on the virus. The authors suggested that this implied that the antiviral effect of amantadine is non-specific and related to reduced endosomal acidification and therefore reduced transport of hepatitis C by a pH-dependent pathway.

In a multicenter study of 75 non-responders with chronic hepatitis C randomized to interferon monotherapy (*n*  = 26), dual therapy with ribavirin (*n*  = 24) and triple therapy with additional amantadine 200 mg/day (*n*  = 25), amantadine did not increase the frequency or severity of adverse effects ([@bib1320] ^C^).

In 22 patients with chronic hepatitis C genotype 1b, with high viral loads treated with interferon-beta for 4 weeks followed by interferon-alfa 2b, ribavirin, and amantadine 150 mg/day for 22 weeks, there was a sustained virological response in 7. Only one patient had to stop taking amantadine, because of the adverse effect of *light-headedness* ([@bib1330] ^c^).

In 15 renal transplant recipients with chronic hepatitis C, doses of ribavirin monotherapy (*n*  = 7) or ribavirin + amantadine (*n*  = 8) were adjusted according to creatinine clearance ([@bib1340] ^c^). There was no difference between treatment groups with respect to liver enzymes, hepatitis C viremia, liver histology, or renal function. *Anemia*, the main adverse effect, was most notable in those with a creatinine clearance below 50 ml/minute. Other adverse effects included *leukopenia, mood disorders* and *profuse sweating*. Only one of those who received combination therapy were still taking amantadine after 12 months; two completed treatment but with ribavirin alone. Four of those taking monotherapy completed treatment. Neither regimen was clearly superior to no treatment, but the study was small and probably underpowered.

### Sensory systems {#s1210}

In a post-marketing surveillance study of patients with a new diagnosis of corneal disease and new prescriptions for amantadine over 2 years, 36 (0.27%) of 13 137 patients developed *Fuchs dystrophy* (*corneal edema*) ([@bib1350] ^C^). The relative risk of corneal edema was 1.7 (95% CI = 1.1, 2.8); in 12 patients (0.09%) the diagnosis was made in the first month.

### Drug resistance {#s1220}

Amantadine is unreliable in the management of influenza because of the emergence of widespread resistance. This is notable in the H3N2 subtype and most H5N1 subtypes, but some seasonal H1N1 remains sensitive to amantadine ([@bib1280] ^R^). However, in 2009, a novel pandemic strain vH1N1 influenza emerged, resistant to amantadine.
